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1. INTRODUCTION

In the spring of 1986, the Naval Environmental Prediction Research Facility (NEPRF)
sponsored an effort to collect atmospheric data in the western portion of the Mediterranean Sea. The
measurements were taken in conjunction with the Naval Ocean Research and Development Activity
(NORDA) during the Western Mediterranean Circulation Experiment (WMCE). The purposes of
WMCE were to characterize ocean circulation in the western Mediterranean Sea and examine the
effect of the circulation on biology and chemistry. Cruises designed to collect oceanographic data
provided an excellent opportunity for atmospheric measurements as well.

Personnel from NEPRF, Louisiana State University (LSU), and Calspan Corporation col-
lected meteorological and aerosol data during three cruises in May and June, 1986. The first cruise
was aboard the USNS Lynch (T-AGOR 7) during 27 May-13 June as it sailed from Rota, Spain into
the Alboran Sea. The second cruise was also aboard the USNS Lynch (17-30 June) from Rota to the
Strait of Gibraltar. Finally, data were collected from the USS America (CV-66) during 19-27 June
as it sailed from Palma, Spain through the Strait of Messina to Naples, Italy. Figure 1 is a map of
the region on which the routes of the three cruises are plotted.

The primary objectives of these efforts were to gather ground truth data for comparison with
satellite-derived estimates of aerosol amounts and to obtain high resolution temperature and humid-
ity soundings for radar ducting studies and model comparisons. This report describes the types of
measurements taken and the instrumentation and procedures used to make those measurements. The
meteorological data are given in the form of soundings and surface observations. Synoptic analyses
developed subsequent to the experiment are also provided along with satellite imagery of the region.

Appendices containing these data follow this report.

2. MEASUREMENT PROCEDURES

Meteorological measurements during the cruises consisted of hourly surface observations
and twice daily radiosonde measurements of upper air data. Table 1 gives a complete list of vari-
ables measured from each platform. A high resolution radiosonde system (AIR/Airsonde model
AS-1 series) and associated data acquisition device (AIR/ADAS model AIR-3B) were used for
vertical soundings of pressure, dry-bulb temperature, and wet-bulb temperature or relative

humidity.
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On both the USNS Lynch and the USS America, radiosondes were launched from the

fantails which are 4 m and 10 m above sea level, respectively. Hourly surface observations of
temperature, wet-bulb temperature, pressure, winds, cloud cover, and sea surface temperature
were made on the second USNS Lynch cruise and the USS America cruise. On the Lynch,
temperatures and pressure were measured on the fantail (4 m above sea level). Wind speed
and direction were recorded from the ship’s anemometer (20 m above sea level). Temperature
and pressure measurements from the America were made at 30 m above sea level; winds were .
derived from the ship’s anemometer at 70 m. Ship velocity and position were obtained from
the onboard satellite navigation systems during each cruise. Sea surface temperatures on the
Lynch were measured with a thermometer and small bucket which was lowered into water
undisturbed by the ship’s wake. On the America, injection water temperatures were recorded.
The frequencies at which measurements were taken are listed in Table 1. Surface
observations of pressure, temperature, wet-bulb temperature, winds, cloud cover, and certain
aerosol characteristics were made hourly during daylight hours (roughly 0600 GMT to 1800
GMT). Soundings were taken twice daily, except when balloon launches were restricted by
flight operations onboard the USS America or when high winds and seas prohibited launches
from the first USNS Lynch cruise. Regular launch times of 0600 and 1200 GMT were main-

tained during the second Lynch cruise. Sounding data from the first Lynch cruise and the

America cruise are at variable times due to the factors described above.

Various aerosol-related measurements were also taken during portions of the experi-
ment. The bulk of these data were collected on the second Lynch cruise. Aerosol size
distribution (0.0025 to 5.0 microns), scattering coefficient (visibility), and solar intensity
(aerosol optical depth) were measured at hourly intervals. Particle samples for composition
analysis and large droplet distribution measurements were taken approximately 2-3 times
per day. Certain acrosol measurements were also taken on the America. These include
scattering coefficient, solar intensity, and occasional particle samples. A complete report of
aerosol characteristics during the experiment and aerosol measurement techniques is given in
Wattle (1988).

3. SYNOPTIC CONDITIONS
Surface and 500 mb charts over the Mediterranean region were obtained from the Fleet

Numerical Oceanography Center data base and analyzed after completion of the experiment.

Analyses for May 27-June 30 are presented in Appendix A. Surface charts showing isobars



station observations are given at 0000, 0600, 1200, and 1800 GMT. Corresponding 500 mb charts
with height contours, isotherms, and wind vectors are included for 0000 and 1200 GMT. Meteosat
visible images for compatible times are also published. A brief assessment of the synoptic condi-
tions for each day is provided with the charts.

Weather conditions were typical of the region for late spring and early summer. High
pressure regimes dominated the period, bringing light winds, moming fog and low stratus, and little
precipitation. Notable exceptions to those conditions include a cold front which passed through the
western Mediterranean region on 29-30 May causing rain and high winds. A weaker cold front over
the northern part of the western Mediterranean on 4 June set-up northerly flow and a Mistral
circulation. Cold fronts were also observed to pass over the Strait of Gibraltar on 21 June and 23
June. Visibilities were restricted on many occasions by fog. The lowest visibilities during the

experiment generally occurred in the Tyrrhenian Sea between Italy and Sicily.

4. DATA SUMMARY

Meteorological data collected from the three cruises are included in this report. A total of 59
soundings were taken during the experiment; they have been plotted on Skew T-log P diagrams and
are in Appendix B. Temperature and dewpoint temperature in degrees C are plotted as a funtion of
pressure in mb. The soundings provide high vertical resolution with a data point every 2-3 mb.
Only the plots are given in this report; the actual numerical data can be obtained on floppy discs
from the authors.!

Hourly surface observations from the second Lynch cruise and the America cruise are also
given in Appendix B. These observations are available during daylight hours for the duration of
each cruise. Specific variables included are pressure (mb), temperature (C), dewpoint temperature
(©), wind speed (knots) and direction, cloud cover (fraction in tenths), and visibility (km) as meas-
ured by HSS visibility meters. Other aerosol-related measurements are not published here, but can

be obtained from Wattle’s (1988) report.

! Analysis of the soundings has revealed the presence of super-adiabatic layers, extending from the
surface to several tens of meters, in many cases. It is thought that ship influences may be respon-
sible for producing this phenomena. No attempts have been made to correct this feature. The sound-
ings published here represent actual measurements, with adjustments made to the data for calibration

purposes only. Details regarding calibration procedures can be obtained from the authors.



éatellite data from various sensors have been obtained for the experimental period.
They include: (1) DMSP visible and IR images; (2) Meteosat visible and IR images; (3)
soundings of temperature and precipitable water from the NOAA-9 Tiros Operational Vertical
Sounder (TOVS); and (4) channel radiances from the NOAA-9 Advanced Very High Resolu-
tion Radiometer (AVHRR). Meteosat imagery are included with the synoptic analyses.

A detailed discussion of aerosol measurements is beyond the scope of this report, but a
brief description of aerosol characteristics based on visibility is included for completeness.
Visibilities recorded (by the HSS nephelometer) on the second Lynch cruise were often high;
six days had visibilities of 50 km or higher. One day had a measured visibility near 40 km,
three days were near 30 km, and the lowest visibilities of 10-20 km were recorded on two
days. Although there is a good range of visibilities, very low visibilities (below 2 km) were
not encountered in the Gibraltar region. Wattle (1988) found that visibility fluctuations
correlated well with particle concentrations in the 0.5 to 1.78 micron range.

Visibilities onboard the America showed a greater range of variation. HSS measure-

ments as low as 2-5 km were recorded on two days during the cruise. Visibilities greater than
50 km were measured on four days. The remaining days tended to have visibilities between
10 and 30 km. Hourly measurements of visibilities for both cruises are included with surface

observations in Appendix B.

5. APPLICATIONS

The data collected in this experiment are useful for a number of applications at
NEPRF. The experimental effort was designed to obtain ground truth information for
validation of techniques to derive meteorological information from satellites. Specifically,
the aerosol and visibility data are being used for comparison with a model which estimates
aerosol optical depth and visibility from AVHRR radiances (Durkee and Haggerty, 1987).

Other uses of the data have developed since the experiment. The high resolution
soundings are being used for studies of evaporative duct characteristics and comparison
with boundary layer model predictions of such features. Finally, sensitivity studies of
electro-optical models have been done using surface data from the experiment compared
with analyzed field data from Fleet Numerical Oceanography Center (Sampson, 1988) and

satellite-derived data.




6. SUMMARY

A comprehensive meteorological data set including surface observations, soundings, aerosol
measurements, synoptic analyses, and satellite data has been compiled. It covers the western
Mediterranean region during the period May 27-June 30, 1986, with the most intensive period being
June 17-29. Much of the available data is published here; other data can be obtained from the

authors.
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APPENDIX A
SYNOPTIC CHARTS AND SATELLITE IMAGERY

Analyses for May 27-June 30 are presented in Appendix A. Surface charts showing
isobars and station observations are given at 0000, 0600, 1200, and 1800 GMT. Correspond-
ing 500 mb charts with height contours, isotherms, and wind vectors are included for 0000
and 1200 GMT. Meteosat visible images for compatible times are also published. A brief
assessment of the synoptic conditions for each day is provided with the charts.

The following abbreviations are used in the captions:

Cu Cumulus
Ci Cirrus

Ac Altocumulus

Sc Stratocumulus
St Stratus
Fs Fractostratus

Cs Cirrostratus
Cb  Cumulonimbus
Figure 2 depicts geopolitical boundaries and the names of regions within the

Mediterranean Sea.
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SUAFACE

™7
A high pressure cell has daveloped near Sardinia, bringing

clear skies and light and northerly winds over the Tyrrhenian

Coastal stationa in Morocco and Algeria report overcast

skies of Ci and thin Ac.

Sea.

ViitEd 5 b
IE KE{&“\} = }\"a

BLAGAN 22

®  SUAFACE

I e I |
Ridging on the surface keeps the winds light and northerly

Overcast akies of Ci are reported throughout

the Alboran Sea. Visual satallite imsgery gray shades depict Ci
axtanding from the Atlantic in responsa to the northwesterly flow

aast of Sardinia.

at 500 mba.
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= SURFACE

The Weat Med stationacy high remains the dominate featurs.

only Ci is being reported throughout the West Med.

T =

BRAERSL 2L

SURFRLCE

5

Wind flow in the Alboran Sea has become
af 15 to 25 kts being reported.

L

Weather remains the sama in the West Med as the stationary

mora sasterly, with speaeds

high remaina dominate.
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A high pressures cell has davtlal;lud in the West Med.

being reported by Morth African coastal stations.
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NO CORRESPONDING NOAA SATELLITE IMAGE

FOR THIS DATE AND TIME
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High pressure over Corsica dominates the Waat Med.
Weast Med is generally clear except for fog along the Tyrrhenian
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APPENDIX B
SKEW T-LOG P DIAGRAMS AND SURFACE OBSERVATIONS

Appendix B consists of Skew T-Log P Diagrams plotted during raw data obtained during two
cruises aboard the USNS Lynch and one cruise aboard the USS America. Surface observations taken
during the cruises are displayed after the soundings.

The following abbreviations are used in the surface observations:

H haze
F fog
RW  light rain showers
DTG date/time group
Cloud heights are given in hundreds of feet, i.e., 20 = 2000 ft. Meteorological ranges are those

measured by HSS visibility meters, except where noted.
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